II. SIERPINSKI FRACTAL GEOMETRIES
The Polish mathematician SIERPINSKI invented this structure. There are several variants of this The construction of SIERPINSKI Curve structure is made from a lozenge and applying the following steps:
1-We rotate the diamond at an angle of /2 around its center, 2-We add to the result four copies of a lozenge with 2 as a factor of reduction.
3-We bring together the 5 elements. 4-Between the iteration i and i + 1, 5 copies are generated with 2 as a factor of reduction. The HAUSDORFF dimension of the SIERPINSKI Curve is given by the equation (1) [18] :
III. ANTENNA DESIGN AND RESULTS
A. CPW-Fed rectangular patch antenna
Based on Transmission Lines Method [19] , the dimensions of a CPW-fed rectangular patch antenna operating in the frequency f r =2.5GHz printed on a FR-4 substrate with dielectric constant ε r =4.4, thickness h=1.6mm are: W p =36.22mm, L p =28.01mm, W f =2.95mm ( Figure 2 ). Figure 5 (red line)
shows the S 11 parameter versus frequencies. 
B. Modifying the rectangular geometry using the SIERPINSKI Curve Fractal structure
To reduce the resonance frequency of a rectangular patch antenna, it is necessary to increase the size of the antenna or increase the permittivity of the substrate [19] . To reduce this frequency without changing the size of the antenna or changing the permittivity of the substrate, several techniques are introduced among which the addition of slots or the use of fractal geometry structures.
The previous rectangular patch antenna fed by CPW ( Figure 2 ) will be modified based on the first iteration of the SIERPINSKI Curve structure to keep the surface of the radiating element almost equal to the surface of the rectangular patch as shown in figure 3 . After that, three iterations are studied (Figure 4 ). The Simulated S 11 shows that with increase in the number of iteration the resonance frequency decreases and the bandwidth decreases ( Figure 5 ). Table I summarizes the different resonance frequencies, bandwidths, maximum gains at the resonance frequencies, and the range of gains in the bandwidths. We note that despite the decrease in resonance frequencies, the antenna loses its ultra-wideband behavior and its gain decreases. We also note that the ratio of resonance frequencies between iteration i+1 and i is constant (Formula 2). Figure 6 shows the radiation patterns for the CPW-fed Rectangular patch and the 3 iterations of SIERPINSKI Curve fractal antennas at their resonance frequencies. We observe that the gain pattern is omnidirectional and stable.
The behavior of the resonance frequencies when we change the iteration number has been tested for the antennas with other dimensions (W s =18.25mm and L s =13.76mm). Figure 7 shows the variation of S 11 parameters versus iterations numbers. We confirm that the formula 2 is respected even if we change the antennas dimensions. measurements were performed with ANRITSU MS2026C Vector Network Analyzer. Figure 9 shows the comparison between S 11 simulated and measured. We note that there is an agreement between the simulated and measured results even if there are some differences that are due to the manufacturing process. 
